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ABSTRACT
The Color-Difference Blue-Screen Traveling Matte Process is a
technique used in motion picture special effects production to composite
two or more scenes into one. A complaint often made against the process
is that boundaries between the composited images are often 'harder,1
i.e., there is a sharper transition between the image and their surround.
Because this is visible, it is objectionable. An attempt at duplicating
the process, so the boundaries could be analyzed using microdensitometry
was made. Failure at key steps in the process rendered results inconclusive,
but raised several interesting questions of the process. Also, a simple
technique was fabricated during the course of the project; which leads
to the recommendation to investigate the simplified technique and its
use in 16mm film production.
ACKNOWLEDGEMENTS
I would like to thank the Central Intelligence Agency for the
grant which made this thesis project possible; also the people who
obtained hard to get motion picture stocks for me; and, of course,
Dr. Raymond Fielding, who offered advice on how this process is
accomplished in industry.
11
TABLE OF CONTENTS
Page
LIST OF FIGURES iv
LIST OF TABLES v
I . INTRODUCTION 1
II . BACKGROUND 2
III . OBJECTIVES 4
IV. EXPERIMENTAL 4
A. Color Film 4
B . Black and White Film 6
C . Blue-Screen Set Up 6
D . Test Scene 7
E . Print ing 8
F. Fabrication of the Composite 10
G. Analysis 11
V. SUMMARY AND CONCLUSIONS 12
VI . RECOMMENDATIONS 13
LIST OF REFERENCES 15
BIBLIOGRAPHY 16
GENERAL REFERENCES 17
m
LIST OF FIGURES
Figure Page
1. Hypothetical D-log H Curve: Demonstration of How
a Matte Works 20
2. D-log H Curves for 5247; with Blue-Screen Densities 20
3. Diagram of Fabrication of Color-Difference Matte 20
4 . Fabrication of Mattes 20
5. 'Shortcut Method' of Composite Printing - Flowchart 20
6. Conventional Method of Composite Printing - Flowchart 20
7 . Foreground Negative 21
8. Background Negative 21
9 . Red Separation 21a
10. Green Separation 21a
11. Blue Separation 22
12 . Color-Difference Matte 22
13 . Synthetic Blue Separation 22a
14 . Female Matte 22a
15 . Male Matte 23
16 . Composite 23
IV
LIST OF TABLES
Table Page
1 . Modified ECN-2 Process Chemistry 25
2 . ECN-2 Process Schedule 26
3 . D-96 Developer Formula for 5235 27
4 . F-5 Fixer Formula for 5235 27
5 . Processing for 5235 27
6. Microdensitometry Traces and Results (Trace No. 9) 28
7 . Hypothesis Test for Micro-D Data (Table 6) 29
v
I . INTRODUCTION
Often in motion picture production it is desirable to show a sub
ject in a hazardous or novel environment which is not readily accessible.
In order to achieve the desired effect, composite photography is often
used. Composite photography is the compositing of two or more scenes
into one scene. By using composite photography, it is possible to
photograph the foreground action on a motion picture stage, and make
it appear in a different location. This thesis project dealt with
one form of composite photography, a variation of the Blue-Screen
2
Traveling-Matte Process, called the Color-Difference Blue-Screen
3 4
Traveling-Matte Process, invented by Petro Vlahos in 1960. '
In the process, the background and foreground scenes are photo
graphed separately, with the foreground scene photographed in front
of a special blue screen. Color separations are made, with the color
separations of the foreground scene being used to fabricate masks (mattes)
which are used to prevent a double exposure in overlapping areas when
the scenes are consecutively printed onto duplicating film. It is
believed this multiple printing adversely affects the reproduction
of the background/foreground image boundaries. This project was designed
to investigate the possibility and extent of any alteration in these
boundaries which could occur. A microdensitometer would be employed
to scan these image boundaries ; and the results analyzed to ascertain
any difference in the boundaries .
The use of the Color-Difference Process, mainly for special effects,
has been on the increase the past several years . Movies such as ' STAR
WARS,1 'ALIEN'
and 'THE EMPIRE STRIKES BACK' have popularized its use.
Many technical articles have appeared on the process. A search through
this literature failed to reveal any studies of the process where this
boundary effect was investigated quantitatively. Communication with
the inventor of the process, Petro Vlahos, affirmed this lack of any
quantitative studies. This, coupled with my own interest in special
effects, provided the impetus to undertake an investigation of the
effect the compositing process has on the foreground/background boundaries,
II. BACKGROUND
The foreground scene is photographed in front of a special blue-
screen, either a painted background, or a transparent screen. The
blue-screen is designed so that the light reflected or emitted from
it, depending on screen type, will expose only the blue sensitive layer
of the film, and give an exposure so as to attain a certain blue density
above the brightest white in the foreground. This blue area represents
a non- image area; it will be discarded and the background scene inserted
in its place.
The Color-Difference Process is dependent on the colorimetry of
colors: the blue content of all colors is equal to or less than the
green content, except for blue and magenta. The remaining colors have
equal blue and green content, except for green and yellow. Therefore,
in the tricolor separation positives a blue separation isn't really
required for the reproduction of reds, fleshtones, all shades of pink,
white, gray, and all saturations of cyan. In order to obtain true
reproduction of these colors, only the red and green separations are
needed; the green separation would be used twice, once for the green
printing, and once for the blue printing. In order to reproduce the
other colors present in the foreground, all that is necessary is to
fabricate what is called a "synthetic blue separation."This separation
reproduces the blue-screen background as dark, but duplicates the blue
separation densities for yellow and green in the foreground.
The synthetic blue separation is fabricated by adding the density
difference between the blue and green separations to the green separation.
The original foreground color negative is placed onto (bipacked with)
the green separation and printed with blue light onto a panchromatic
film such as Eastman Panchromatic Separation Film 5235 (see figure
3, Appendix). The result is a clear piece of film with areas of density
where the green and blue separations differ. This is called the "Color-
Difference Matte," from which the process gets its name. The color-
difference matte is bipacked with the green separation, and it is this
bipack which is the "synthetic blue separation." (The synthetic blue
separation can also be fabricated by consecutively exposing the color-
difference exposure and the green separation exposure onto a single
piece of film.) This separation reproduces the blue densities of yellow
and green correctly, but reproduces the blue screen as dark, instead
of light as in the normal blue separation. Therefore, the blue-screen
background drops out to black. The synthetic blue separation is bipacked
with the original foreground color negative and printed with an optical
printer using red light onto the panchromatic separation film to obtain
the female matte. The female matte is then printed again, to obtain
the male matte (see figure 4, Appendix).
The mattes must have enough density difference between image and
non-image areas to cause a shift of the non-image data into the toe
region of the D-log H wave of the duplicating stock (see figure 1,
Appendix). This density difference is usually in the range from 0.6
to 0.9 (a two to three stop exposure shift), and care must be taken
so as to avoid the print-through of the low density information of
the matted screen.
III. OBJECTIVES
The hypothesis of the project was that the compositing process
would alter the reproduction of the boundary between the foreground
and the matted-in background. A 'harder' edge will have a larger slope
value for the transition between boundaries in the microdensitometrical
traces.
IV . EXPERIMENTAL
A. Color Film
Eastman Color Negative II film 5247 was used for the foreground
and background scenes. This film is the standard of the motion picture
industry, and the one which would be used for the foreground and back
ground scenes in actual practice.
The film was processed in a modified ECN-2 process (Table 1, Appen
dix). ECN-2 being the standard processing solution for 5247. Since
distilled water was used for the solution, the sequestering agents
were omitted, being unnecessary. The film was processed according
to times and temperatures recommended by Kodak (Table 2). One liter
of chemistry was mixed. Processing was accomplished by hand in a standard
35mm Nikor stainless steel tank. In order to simulate machine processing,
agitation was continuous with two inversions per second. The most
difficult processing step was removal of the 'rem-
jet' backing. In
order to remove the backing, the film was ' hand-dunked ' in a 5" x 7"
tray containing the prebath PB-2 for the recommended time. The rem-
jet backing was then squeegeed off. Care must be taken so that the
rem-jet backing doesn't get onto the emulsion side of the film, because
it will stain. The film can then be loaded onto the reel and processed
normally.
Sensitometric testing indicated that the calculated exposure for
the film was correct, but contrast was much lower than expected (see
figure 2, Appendix). Except for when the film was stained by the rem-
jet backing, contrast remained low. When the test images were processed,
contrast was much lower than previous processing runs. It is possible
that the developer was contaminated at some time, but this is not known.
In spite of the low control, the test images were considered to be
adequate for matting; and at the very least it would be interesting
to see what happened. Note also that the red, green, and blue densities
of the blue-screen form a straight line function. This function could
be used as a test-statistic if the function remains a straight line
when the film has the correct contrast.
B. Black and White Film
Eastman Panchromatic Separation Film 5235 was used for the color
separations, mattes, and final composite printing. Processing was
in D-96, the recommended developer for the film, and fixer F-5 (see
Tables 3, 4, and 5, Appendix). The developer was used once, then dis
carded. A time/gamma series was run to determine development time
for a gamma equal to one (Y = 1), for the different filters that would
be used for exposure. This was the gamma used for all separations
and mattes, except for the multi-generation printing of the final female
and male mattes and the composite, which required a higher contrast
level (see Table 5). Sensitometric exposures were placed on all film
samples so the process could be monitored.
The black-and-white stock 5235 was used for the final composite
film instead of color print film to allow for an easier printing (no
problems with color balance), and to allow for easy analysis with the
microdensitometer, which is not set up to analyze color film.
C. Blue-Screen Set Up
A transparent blue screen was used in this project. It was obtained
from Stewart Film Screen, California; and is designated as the Stewart
T-Matte Blue. This screen is probably the standard throughout the
special effects industry.
The five foot by five foot blue-screen was mounted in a frame
constructed of electrical conduit. The blue screen was then lit with
four 1_,000 watt photoflood lamps from the Tech Studio. The lamps were
arranged so as to provide a uniformly lit patch of light on the screen
large enough to serve as the background for the test object. The test
object was mounted on a stand four and-a-half feet from the screen,
and lit with two 500 watt fresnel mini-spot lights.
The two spot lights were then moved so that the apparent brightness
of the blue screen appeared to be between the white patch and the step
below on the gray scale of the test target when viewed with a Wratten
number 47 filter. A photometer equipped with a blue level filter setting
could be used to adjust the apparent brightness level between the blue-
screen background and the foreground. A photometer would have been
preferred for this set-up, but none was available for the project.
The blue-screen may also be lit so that the apparent blue-level
brightness is slightly above the white step. Results from the project
indicate this is probably a better method, allowing for more separation
in brightness between the foreground and blue-screen background.
D. Test Scene
The foreground object consisted of a MacBeth Color Checker, two
Kodak gray scales, and a color scale. The gray scales were mounted
on the top and bottom of the Color Checker so the gray scales were the
boundaries between the test object and the blue-screen background. The
Kodak color scale was mounted on the left side of the Color
Checker 3 so that the colors were boundary between the test object and
the blue screen. A 90% reflectance white card and a matte black card
were mounted on the right side of the Color Checker. This was the
target which was scanned by the microdensitometer .
The background scene consisted of a 90% reflectance while card
and a matte black card identical to the one mounted in the foreground
scene.
Both scenes were photographed onto the 5247 film using a Nikon
F2 35mm single-lens reflex with the 55mm f/3.5 Micro-Nikkor lens. Ex
posure was determined using a Gossen Luna-Pro light meter set for inci
dent light measurement. The A.S.A. was set for 100, the normal exposure
index for the film. Lighting for the foreground test object and the
background was identical. The exposure of the foreground/background
scenes were also identical.
E. Printing
An Omega D-2 enlarger with times was used for the exposure light
source. Exposure was calculated so reproduction occurred on the straight
line portion of the D-Log H curve when printed. Gossen Pan-Lux
photometer was used to determine exposure settings. Wratten color
separation filter Nos . 70, 98, and 99 were used when necessary.
In order for the process to work, registration has to be carefully
maintained. It was thought that a contact printer with registration
pins for 35mm could be found, either at Kodak Research Labs, or one
of the manufacturers involved in motion picture film transport design.
This, however, was not the case. An alternative method of registering
the film had to be found. It was finally decided that an animation
cell punch would be used to put registration holes into the separate
pieces of film. An animation cell holder was used to register and
hold the film, with a piece of sheet glass placed on top of the strips
of film to hold them flat. In addition, the animation cell holder was
masked off with black paper to prevent any reflections from it from
causing flare in the film being exposed.
It was in this registration procedure that one of the major problems
occurred. The tolerance between the registration holes punched into
the film and the pins of the animation cell holder was not fine enough
to keep the strips of film in perfect registration. Fringing occurred
when attempting to print two strips of film onto another. Since the
conventional matting process required six consecutive printings, two
strips of film each, onto the composite inter negative (see figure 6) ,
there was a good possibility there would be too much fringing to attempt
any sort of analysis. Therefore, an alternative method of matting was
devised. After fabrication of he female and male mattes in the
conventional manner, these mattes would be used with the original
foreground and background color negatives and printed in two consecutive
printings onto a duplicating film, in this case 5235, to obtain
a positive composite. I call this method the "Shortcut Method"
(see figure 5) .
Another problem that was encountered was the problem of illuminance,
or the lack of it, with the enlarger. In some exposures, with the
enlarging lens at its smallest aperture and the enlarger at maximum
height, a neutral density filter had to be placed into the light path
so a proper exposure could be obtained with five-second exposure
time. In another printing, with the enlarger lens wide open and the
enlarger at its minimum height, there was just enough illuminance to
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get a proper exposure with an exposure time of fifty-seconds. Note
that the timer used had a range from zero to sixty seconds. This probably
increased the variability in the experiment, but it was not outwardly
noticeable.
F. Fabrication of the Composite
Red, green, and a blue separation positives (figures 9, 10, and
11, Appendix) were made from the original foreground color negative
(figure 8, Appendix) . Care had to be taken to calculate the exposure
so the white patch had the same density in each separation. Actually,
only the green separation was required; the red and blue separation
were made so the process could be monitored. The green separation
was then bipacked with the original foreground negative and exposed
with blue light (figure 3, Appendix) to obtain the Color-Difference
matte (see figure 12, Appendix). Care has to be taken in calculation
of exposure so there is only enough density in the Color-Difference
matte so that there is not too much density difference in green and
yellow between the foreground in the blue and synthetic blue separations.
The color-difference matte, the green separation (the synthetic
blue separation, figure 13), and the original foreground color negative
were then tripacked and exposed with red light onto (see figure 4)
5235 stock to fabricate the female matte. By using a red exposure,
cyan will drop out. A green exposure can be used instead, but then
magenta will drop out. Other exposing techniques are described in
the Vlahos paper, but the use of red light is the most common. Because
of the low contrast of the color negative, tests indicated that the
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density difference between the image and non- image areas was too small
to obtain a good male matte and prevent print-through of the background.
Since two female mattes had been obtained at this point, they were
sandwiched together, raising the effective contrast, and printed onto
5235 stock using red light. The use of a red exposure, combined with
a longer developing time (12 minutes, as compared to 5 minutes for
gamma =1) gave the much needed increase in gamma to the resulting
male matte. The density difference was still not enough. The male
matte was printed again to form another female matte, which was used
to make yet another male matte. This process was continued until there
was enough density difference between the image and non-image areas
of the mattes (figures 14 and 15, Appendix). Development was adjusted
so this density difference was equal in the male and female mattes.
A higher contrast material, such as Kodak High Contrast Panchromatic
film 5369, or Kodak High Contrast Positive film, 5362, could have been
used instead of the multi generation printing sequence. These mattes
were then used with the foreground and background negatives (figures
7 and 8) and the 'Shortcut Method' of composite printing to print the
composite (figure 16) . Care has to be taken in calculation of the
exposures to matching densities in the foreground and background scenes
match in the composite, or there will be a noticeable difference.
G. Analysis
Upon completion of the composite, the black and white test patches
were scanned with the Ansco microdensitometer, number two. The micro-
densitometer had an effective aperture of 150 x 7.5 m, using a 8x
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objective on the lamphouse and a lOx objective on the microscope. Scan
rate was 4mm/minute, and the chart recorder was 8 inches/minute. The
targets we located in the white portion of the composited background.
The scan was initiated in the background portion of the image, and
scanned longitudinally across the black and white patches and back
into the background area. This was repeated across several areas of
the target set up, so as to average out any effects dependent on
location. The slopes of the matte/black patch boundary traces and
the black patch/white patch boundary traces were measured. The average
absolute slope and the standard deviation of both boundaries were cal
culated. Absolute average slope for the matte/black patch boundary
was 4.08, with a standard deviation (N-l) of 0.96. The black patch/white
patch boundary had an absolute average slope of 10.03 and a standard
deviation of 2.15 (see Table 6).
A hypothesis test for two sample averages, c unknown, was con
ducted, in which it was proven there that there was a difference between
the absolute average slope of the two boundaries in this experiment
(see Table 7, Appendix).
V. SUMMARY AND CONCLUSIONS
The Color-Difference Blue-Sceeen Traveling Matte Process is a
technique which is very difficult to carry out; even harder when the
proper apparatus is not available. It is an interesting technique,
worthy of a more complex study and analysis.
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Because of low contrast in the original negative, proper matte
could not be fabricated. Low tolerance between the registration holes
punched by the animation cell punch, and the animation cell holder
pins allowed for improper registration, which caused fringing in the
mattes and the final composite. Therefore the results of this thesis
project can be considered inconclusive. However, if the results of
this project give any indication of what happens to image boundaries
in this project, the result is a softer boundary between matted objects,
not a harder boundary as originally thought.
The 'Shortcut Method' would be an ideal alternative if color repro
duction is adequate. It would be ideal for use in a 'budget' 16mm
production. Less than one half the film is required, and the result
is an editable positive, instead of an inter negative. The reduction
in cost and simplification in procedure would probably make it a viable
technique.
VI . RECOMMENDATIONS
In future experimentation, use 16mm stock. This will allow use
of the 16mm optical printer located within the Film Department here
at RIT. This will avoid the problems I encountered with registration
and exposure. It would also be interesting to print the composite
with color print stock. This would demonstrate whether or not the
'Shortcut Method' gives adequate color reproduction. In order to avoid
the problems I encountered with the ECN-2 process, send the 5247 (7247
14
in 16mm) out to be processed. It might be interesting, however, to
run a few test strips through a hand processed ECN-2 process, just
to see if good results are obtainable.
It would also be interesting to use a compensating film/developer
combination for the mattes. One problem often encountered is noise
in the matte boundary between image and non- image areas. This occurs
in high contrast materials. Use of a compensating film/developer com
bination might allow the necessary density difference without the increase
in edge noise.
15
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TABLES
TABLE 1
Modified ECN-2 Process Chemistry
Prebath PB-2
25
Distilled Water at 27-38
Borax (Decahydrated)
Sodium Sulfate (Anhydrous)
Sodium Hydroxide
Distilled Water to Make
800 mL
20.0 g
100 g
1.0 g
1.08 litre
Developer SD-49
Distilled Water at 21-38 C
Sodium Sulfite (Anhydrous)
Eastman Anti-Fog, No. 9
Sodium Bromide (Anhydrous)
Sodium Carbonate (Anhydrous)
Sodium Bicarbonate
Kodak Color Developing Agent, CD-3
Distilled Water to Make
850 mL
2 0 g
0..22 g
1.20 g
25.6 g
2,7 g
4,0 g
1.,00 litre
Stop Bath SB-14
Distilled Water at 21-38 C
Concentrated Sulfuric Acid
Distilled Water to Make
900 mL
10 mL
1.00 litre
Bleach SR-29
Distilled Water
32-43 C
Potassium Ferricyanide
Sodium Bromide (Anhyrdous)
Distilled Water to Make
900 mL
40.0 g
25.0 g
1.00 litre
Fixer F-34a
Distilled Water at
21
-
38 C
58% Ammonium Thiosulfate Solution
Sodium Sulfite (Anhydrous)
Sodium Bisulfite (Anhydrous)
Distilled Water to Make
700 mL
185 mL
10.0 g
8.4 g
1.00 litre
TABLE 1 (Continued)
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Stabilizer S-15 (modified chemistry)
Distilled Water at 21-27 C
Kodak Photo-Flo 600
Formalin (formaldehyde 37.5%)
1.00 litre
0.2 mL
1.50 mL
TABLE 2
ECN-2 Process Schedule
Step Temperature C
1) Prebath, PB-2 27 1
2) Remj et Removal
and Rinse
27-38
3) Developer, SD-49 41.1 0.1
4) Stop, SB- 14 27-38
5) Wash 27-38
6) Bleach, SR-29 38 1
7) Wash 27-38
8) Fixer, F-34a 38 1
9) Wash 27-38
10) Stabilizer, S-15 27-38
Time
10 seconds
5 seconds
3 minutes
30 seconds
30 seconds
3 minutes
1 minute
2 minutes
2 minutes
10 seconds
TABLE 3
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D-96 Developer Formula for 5235
Distilled Water at 50 C
Elon
Sodium Sulfite (Anhydrous)
Hydroquinone
Potassium Bromide
Borax (Decahydrated)
Distilled Water to Make
750 mL
1-5 g
7-5 g
1-5 g
0.4 g
4.5 g
1.00 litre
TABLE 4
F-5 Fixer Formula for 5235
Distilled Water at 50 C
Sodium Thisulfate
Sodium Sulfite (Anhydrous)
28% Acetic Acid
Boric Acid
Potassium Alum
Distilled Water to Make
600 mL
240 g
15.0 g
48.0 mL
7-5 g
7-5 g
1.00 litre
TABLE 5
Processing for 5235
Development times,
70
F, in minutes:
Gamma
Exposure 1.00 1.47 (max for matte printing)
White 6.5
Red 5.0 12
Green 7.3
Blue 6.3
Final composite exposed with white light, developed for 14 minutes,
Fix 6 minutes at 70 F.
Wash 10 minutes.
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TABLE 6
Microdensitometry Traces and Results (Trace No. 9)
Patch/Patch Boundary
Average
Absolute
Slope = 10.03
Std. Dev. =2.15
^
~T~
i-rt
~i~
r\
1.1 \ jL ,tl r~*
i JT ^/
1 1 j -\
Patch/Matte Boundary
Average
Absolute
Slope = 4.08
Std. Dev. =0.96
!
-i
r*Nk: ^AT 1i IfLy hV
\ I
~T~
1
:[,'.
"~
,
_3
2.5 x 10 mm/ small division
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TABLE 7
Hypothesis Test for Micro-D Data (Table 6)
Test statistic t(v1, v2) = X - X
S
P
M nl n2
Variance, S? = Vl S^ + v2 S^
Vl + V2
v = degree of freedom S = 2.773, S =1.67
P P
Vl' V2
= 12 (Calculated)
n = number of traces 1 , 1 ,
/ + / = 0.167
V n2 = 13 Ul U2
2
S = Variance of Patch/Patch Boundary Slope = 0.922
2
S = Variance of Patch/Matte Boundary Slope = 4.623
X = Average Absolute Slope, Patch/Patch Boundary = 4.08
X = Average Absolute Slope, Patch/Matte Boundary = 10.03
<- t j. \ 4.08
- 10.03 a 79t(vl+v2> = 1T67 07167
= ~8'72
Allowing for <x,= 0.05 with 24 degrees of freedom
+ 24, 0.05 = 2.0639 C|-8.72|
from Table A. 2, Statistics: An Introduction,
Rickmers and Todd
Null Hypothesis: HQ: U^ = U~2 REJECTED
H : U i U2 ACCEPTED
